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Device and Method for Measuring 
Absorbed Heat Flux in a Fire Test Apparatus 



BACKGROUND OF THE INVENTION 



[0001 ] Test apparatuses approved by ASTM Intemational, Inc. for measuring the fire hazard 

of materials or objects, such as the Cone Calorimeter and the Fire Propagation Apparatus, irradiate a 
specimen of a material or an object with a known infrared (IR) heat flux from a radiant heating 
source. The specimen is typically coated with paint or a carbon mixture to improve absorption of the 
radiant heat flux in order to simulate heat absorption during an actual fire, when the material or 
object becomes covered with soot and thereby absorbs most of the radiant energy incident upon it. 
The purpose of the test is to determine, for example, when the specimen material or object, such as 
an electrical component, ignites, becomes inoperative or begins to vaporize. The fire test 
apparatuses employ radiant heaters to simulate the heating by a fire. 

[0002] The incident heat flux from the radiant heater is often taken as a measure of the heat 

flux required to cause the detectable condition or response, such as ignition, of the material or object. 
However, because of the coating, not all of the heat flux incident on the coating is absorbed by the 
specimen, and the portion of the heat flux emanating from radiant heating source that is absorbed by 
the specimen varies from one coating to another. As a result, there is a problem evaluating and 
comparing test data from specimens having different coatings. 

[0003] In addition to the problem that the portion of the incident heat flux that is absorbed by 

the specimen varies from coating to coating, the present inventors have found that absorption of 
radiant heat flux by most surfaces including typical applied coatings significantly decreases for flux 
incident at oblique or glancing angles in fire test apparatuses. In order to interpret test results from 
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different test apparatuses, which are often in different laboratories and in which different coatings 
may be used and/or in which the angle of incidence of the radiant heat flux may vary, the heat flux 
absorbed by the specimen must be known, as opposed to the heat flux incident on the coating. 
However, prior to the present invention, there was no standard device or method for measuring the 
heat flux actually absorbed by a specimen in a fire test apparatus. For the purpose of determining the 
fire hazard of a material, the absorbed flux, rather than the incident flux, is of primary concem. 

SUMMARY OF THE INVENTION 
[0004] By the present invention, the measurement of heat flux absorbed by a specimen 

becomes apparatus-independent. In other words, the test data fi-om specimens that have different 
coatings and/or are tested in different test apparatuses can be equalized and compared. For each 
coating in each test apparatus, a device according to the present invention measures the IR heat flux 
absorbed or received by an object relative to the IR heat flux incident on the coating of the object. 
More specifically, a copper disk having an imbedded electrical heating coil, a thermocouple for 
measuring the temperature of the disk, and a surface area similar to that of the specimen being tested 
is situated in a typical specimen holder. The disk has an exposed surface that is coated with the same 
coating as is applied to the specimen. Then, the principle of absolute Electrical Substitution 
Radiometry (ESR) is appUed to the device. 

[0005] According to ESR one determines the radiant flux (optical power per unit area) * that 
is actually absorbed by a receiving surface (or object). The receiving surface (or object) is coupled to 
a constant temperature heat sink at a reference temperature. To. Following the onset of imposed 
radiation, the surface (or object) will experience a transient temperature rise, T(t)-To, at time t after 
imposition of radiation. The temperature rise generally depends on both time and magnitude of the 
received flux, This is expressed by the fimction, G(t, *) namely, T(t)-To = G(t, *). A similar 
temperature rise, T(t)-To, would occur if, instead of imposing a radiant flux, one applied an 
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electrical power, P per unit area, to the surface (or object). The two temperature rises will be 
identical at the same time interval, t, following imposition of heat, if P=$ . By finding the power P 
per unit area that gives exactly the same transient temperature rise, as a radiant flux, $, one 
successfully determines the radiant flux, 

[0006] It is quite convenient to measure electrical power as a substitute for measuring a 

radiant flux. Electrical power can be measured rather accurately. The advantage of using ESR is 
that it overcomes possible measurement errors due to heat losses from the surface, (e.g. convection, 
surface radiation, conduction, etc). By reproducing the temperature rise, one insures that the heat 
losses are the same for both the imposed radiant flux, <i>, and electrical power per unit area, P. 
Lideed, the technique provides a convenient, accurate and reliable method for calibrating the radiant 
heaters of the fire test apparatus. It is an absolute (i.e. primary) method of calibration of the radiant 
heaters irradiating a specimen having a defined surface coating. It depends solely on one's ability to 
measure the electrical power P that reproduces the measured temperature rise. 

[0007] In accordance with the present invention, the principle of ESR is applied to the device 

in connection with testing of specimen materials or objects to determine the heat flux involved in 
causing the specimen to ignite, become inoperative, begin to vaporize or exhibit some other 
characteristic in response. More specifically, for low heat fluxes, the coated disk is exposed to a heat 
flux fi"om a radiant heat source, such as an IR heating apparatus, until the thermocouple records a 
steady-state temperature, where the heat absorbed by the disk is equal to the heat losses given off by 
the disk. Subsequently, with no incident radiant heat flux on the coated disk, the IR heating is 
reduced to zero, and an electrical power of sufficient magnitude is suppUed to the imbedded 
electrical heating coil for the disk to return to the same steady-state temperature. Electrical power 
used by the electrical heating coil to retum the disk to the same steady-state temperature is equal to 
the total heat absorbed by the disk in the IR heating apparatus. The electrical power can be 
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accurately measured. In a test apparatus in which the angle of incidence is set, the specimen, which 
has the same coating as the disk, as well as the same coated surface area and same insulation as the 
disk, receives the same heat flux as the disk. This application of absolute electrical substitution 
radiometry (ESR) can be performed for various levels of incident flux, supplied electrical power 
supply, and steady-state disk temperature. 

[0008] It has been found that it is not even necessary to reach a steady-state temperature. 

Instead, a rate of rise in the temperatm-e of the disk due to the radiant heating can be duplicated by 
the rate of rise in the temperature of the disk due to electrical heating. Then, the power required to 
achieve that rate by the radiant heating is compared with the power required to achieve that rate by 
the electrical heating. The method of dupUcating the rate of rise of the temperature of the disk, rather 
than a steady-state temperatiu"e, is especially helpful for high heat fluxes, where the steady-state 
temperature of the disk is likely to be at a level at which the disk or another part of the device would 
be damaged. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 
[0009] Fig. 1 is a schematic illustration of a device according to the present invention for 

measuring absorbed heat flux positioned under a radiant heating apparatus in a fire hazard test 
apparatus; 

[00010] Fig. 2a is a graph showing the measured steady state temperature of a device 
according to the present invention versus the power required fi-om IR heaters, Pir , with no power 
applied to the electrical coil (i.e. VA = 0) and versus the power delivered to the electrical coil heater 
VA with zero power applied to the IR heaters (i.e. Pir = 0); 
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[00011] Fig. 2b is a graph, generated from the data of Fig. 2a, showing the IR heater power Pir 
providing the same steady state temperatures as that obtained with electrical coil power VA; 

[00012] Fig. 3 a shows the transient temperature rise for various levels of power applied only 
to the radiant heaters and only to the electrical coil; 

[00013] Fig. 3b is a graph showing the rise in temperature at identical time ti taken from the 
curves shown in Fig. 3a; and 

[00014] Fig. 3c shows the IR heater power, Pir , that provides the same temperature rise at 
time ti as that provided by electrical coil power VA. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[00015] As can be seen from Fig. 1 , a device for determining the radiant heat flux received by 
a test specimen having a coating to improve the absorption of the radiant heat flux, which is 
designated generally by the reference numeral 10, has a body 12, and a coating 14 on the body, the 
coating on the body being the same as the coating on the test specimen. The device 10 also has an 
electrical heating element 16 in heat transfer relationship with the body 12, such that the coating 14 
is not interposed between the heating element and the body. A thermal detector, such as a 
thermocouple 1 8 connected to the body 1 2, for indicating the temperature of the body is also a part of 
the device 10. The body 12 is a metal disk of, for example, copper, and the electrical heating 
element can be an electric resistance heating element and can be positioned within the body. 

[00016] The device 10 ftirther includes an insulated holder 20 for the body 12, wherein the 
body has a first surface to which the coating 14 is applied and at least one other surface, the first 
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surface being exposed for receiving radiant heat flux from a radiant heating source, such as a radiant 
heating apparatus 22. The radiant heating apparatus 22 can be conical in shape and can be a part of a 
conventional Cone Calorimeter or Fire Propagation Apparatus. The body 12 also has a bottom 
surface and a side surface, both of which can be covered by heat insulating material of the insulated 
holder 20. The insulated holder 20 is the same as the insulated holder used for specimens that are 
tested in connection with the device 10 according to the present invention. 

[0001 7] hi order to indicate the electrical power applied to the electrical heating element 1 6, a 
voltmeter 24 and an ammeter 25 are electrically connected to the electrical heating element 16 to 
measure the power appUed to the electrical heating element by an electrical power source 26. 

[00018] The device 10 according to the present invention is made as similar as possible to a 
specimen to be tested and its holder. With the exception of the electrical heating element 16, the 
thermocouple 18, the voltmeter 24, the ammeter 25, the electrical power source 26 and the material 
of the body 1 2, the specimen and its insulated holder are the same as the device 1 0. In particular, the 
area of the specimen and of the body 10 exposed to radiant heating is the same, the coatings are the 
same, and the insulated holder is the same. The body 12 is coated to simulate the heat absorption 
characteristics of a material or device in a fire. The same is done with the specimens of the material 
or device. 

[0001 9] Radiation from the radiant heating apparatus 22 is appUed to the measuring device 1 0 
through the coating 14 to heat the measuring device to a steady-state temperature. The IR heating is 
reduced to zero, and sufficient power is applied to the electrical heating element 1 6 of the measuring 
device 10 for the body 12 to reach the steady-state temperature. Using the readings on the voltmeter 
24 and the ammeter 25 and the duration of the period required to reach the steady-state temperature, 
the power required for reaching the steady-state temperature by using the electrical heating element 
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16 can be calculated and compared with the power required for reaching the same steady-state 
temperature by using the radiant heating apparatus 22. See Figs. 2a and 2b. 

[00020] It has been found that it is not even necessary to reach a steady-state temperature. 
Instead, the rate of rise in the temperature of the disk due to the radiant heating can be dupUcated by 
the rate of rise in the temperature of the disk due to electrical resistance heating. Then, the power 
required to achieve that rate of the radiant heating is compared with the power required to achieve 
that rate by the electrical heating. The method of duplicating the rate of rise of the temperature of the 
disk is especially helpful for high heat fluxes, where the steady-state temperature of the disk is likely 
to be at a level at which the disk or other part of the device would be damaged. See Figs. 3a and 3b. 

[00021] In duplicating these rates of rise, several values of constant power Pir are applied to 
the radiant heating apparatus 22, yielding heat fluxes of approximately, for example, 20, 35 and 50 
kW per square meter applied to the surface of the device 10. In each case, the temperature of the 
thermocouple 1 8 is recorded versus the time from the first moment of application of heat, as in Fig. 
3a. This is done for several values of power Pir applied to the radiant heating apparatus 22, with 
zero power applied to the electrical coil 16 (i.e. VA = 0). Then, the experiment is repeated, but with 
electrical power VA applied to the coil 16 and no power applied to the radiant heating or apparatus 
22 (i.e., Pir = 0). The temperature rise versus time is recorded for these several values of electrical 
power VA with Pm = 0, as in Fig. 3a. 

[00022] The temperature rises shown in Fig. 3a are compared at some selected tune, for 
example, at ti = 60 seconds, after the beginning of the application of power to the radiant heating 
apparatus 22 and the electrical coils 16. These temperature rises are plotted, as in Fig. 3b, and 
smooth curves are drawn through the plotted points. Thus, Fig. 3a shows the transient temperature 
vs. time for several values of IR heater power Pr (with VA = 0) and several values of electrical 
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power VA (with Pjr = 0). The applied power levels are compared for the values of temperature rise 
in a mamier similar to that done for the steady temperatures shown in Fig. 2a to yield finally the 
correspondence between power Pm appUed to the radiant heating device 22 and the power VA 
applied to the electrical coils 16, which can be plotted, as in Fig. 3c. Thus, the data shown by Fig. 3c 
is taken from Fig. 3b. By comparing the two sets of curves, one determines the radiant heat flux that 
is actually absorbed by the surface coating for various settings of the radiant heating device 22. The 
measurement takes into full account the effects of heat loss and the coating, as well as angles of 
incidence. 

[00023] The embodiment illustrated and discussed in this specification is intended only to 
teach those skilled in the art the best way known to the inventors to make and use the invention. 
Nothing in this specification should be considered as limiting the scope of the present invention. 
The above-described embodiments of the invention maybe modified or varied, and elements added 
or omitted, without departing fi-om the invention, as appreciated by those skilled in the art in light of 
the above teachings. It is therefore to be understood that, within the scope of the claims and their 
equivalents, the invention may be practiced otherwise than as specifically described. 
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